We investigated the effect of the diverse definition criteria of the dipping and non-dipping status on the assessed differences in inflammatory activation between dippers and non-dippers with essential hypertension. 269 consecutive subjects (188 males, aged 50 ± 7 years) with untreated stage I-II essential hypertension underwent ambulatory blood pressure (BP) monitoring and high-sensitivity C-reactive protein (hs-CRP) level determination. The population was classified into dippers and non-dippers based on the three following different definitions: true non-dippers (TND): non-dippers (nocturnal fall of systolic and diastolic BP of o10% of the daytime values, n ¼ 95) and dippers (the remaining subjects, n ¼ 174); true dippers and true non-dippers (TD-TND): non-dippers (nocturnal fall of systolic and diastolic BPo10%, n ¼ 95) and dippers (nocturnal fall of systolic and diastolic BPX10%, n ¼ 75); systolic nondippers (SND): non-dippers (nocturnal systolic BP fall of o10% of the daytime values, n ¼ 145) and dippers (the remaining subjects, n ¼ 124). Non-dippers compared to dippers in the TND, TD-TND and SND classification exhibited higher levels of log hs-CRP (by 0.11 mg l À1 , P ¼ 0.02; 0.13 mg l
Introduction
High-sensitivity C-reactive protein (hs-CRP) is a marker of inflammation associated with increased cardiovascular morbidity and mortality.
1,2 Elevated hs-CRP levels in subjects with prehypertension are indicative of a flogistic component in the development of hypertension. 3 In experimental models of hypertension, vascular-wall remodelling and inflammatory infiltration have been observed, 4 whereas the expression of several genes related to the modification of the inflammatory response has been found altered in the leukocytes of human untreated hypertensive subjects. 5 Furthermore, the association of microalbuminuria and left ventricular concentric remodelling with increased hs-CRP supports the participation of inflammatory mechanisms in the manifestation of target organ damage in essential hypertensives. 6, 7 Subjects with blunted nocturnal fall in blood pressure (BP), defined as non-dippers, exhibit a higher prevalence of target organ damage such as left ventricular hypertrophy, microalbuminuria, silent cerebrovascular disease and peripheral arterial changes, 8 thus being at higher risk for cardiovascular events. A critical point is whether this unfavourable outcome should be attributed to an accompanying increased haemodynamic load or to the actual failure to decrease BP levels during night time. As different definitions of dippers and nondippers are used in the literature, additional confusion exists regarding which definition is more appropriate in terms of clinical implications, risk stratification and management.
In this study, we sought to investigate the relationships of diverse non-dipping definitions with hs-CRP levels and to determine whether nondipper hypertensive subjects compared to dippers are characterized by more intense inflammatory processes.
Materials and methods

Study population
Our study population consisted of 291 consecutive subjects referred to the hypertension unit of our institution with newly diagnosed, untreated and uncomplicated stage I-II essential hypertension. Diagnosis of hypertension was based on three outpatient measurements of BPX140/90 mm Hg. All subjects underwent the usual clinical and laboratory work-up to rule out secondary forms of hypertension.
The exclusion criteria involved history or clinical evidence of coronary artery disease, congestive heart failure, valvular heart disease, chronic obstructive arterial disease, renal failure, diabetes mellitus, familial hypercholesterolaemia, morbid obesity and any non-cardiac significant systemic disease. Moreover, none of the participants had any history or clinical/laboratory evidence of recent infection, inflammation or underwent any medical treatment (including lipid-lowering and hormone replacement therapy) 1 month prior to entry into the study.
Finally, 269 essential hypertensives (188 males, mean age ¼ 50 ± 7 years) fulfilling the inclusion criteria were selected for participation and underwent ambulatory BP monitoring (performed twice on non-consecutive days), echocardiographic examination, anthropometric and metabolic determinations, as well as hs-CRP level estimation. The study protocol complies with the Declaration of Helsinki, was approved by our institutional ethics committee and all participants gave written informed consent.
Procedures BP measurements. Office BP measurement was performed at three different visits in our outpatient clinic, according to the recent guidelines. Ambulatory BP was recorded twice over a working day (Monday through Friday) using the automatic Spacelabs units 90207 (Redmond, WA, USA). The procedure has been described in detail. 9 In brief, the cuff was fixed to the non-dominant arm and the device was set to obtain automatic heart rate and BP readings at 15-min intervals during the daytime and at 30-min intervals during the night time. In keeping with current practice, daytime and night time were defined using short fixed-clock time intervals, which ranged from 1000 to 2000 h and from midnight to 0600 h respectively. Twenty-four hour systolic and diastolic BP values were the mean of the overall 24-h recordings after artefact editing. Owing to the poor reproducibility of the ambulatory BP monitoring, the average of the values of two recordings, with 1-week interval, were taken into account for the final BP-fall calculation using the following equation:
BP fall ¼ ½ðBP daytime À BP nighttime Þ=BP daytime Â100:
We used three different classifications of dippers and non-dippers based on diverse criteria derived from previous studies (Table 1) . 8, 10, 11 More specifically, in the true non-dippers (TND) classification, we defined as non-dippers (n ¼ 95) those subjects with a nocturnal reduction of both systolic and diastolic BP of less than 10% of the corresponding daytime values and the remaining subjects as dippers (n ¼ 174). 8 In the true dippers and true non-dippers classification (TD-TND), both dippers (n ¼ 75) and non-dippers (n ¼ 95) were defined according to both systolic and diastolic BP reduction of X to 10% or o to 10% of the corresponding daytime BP, respectively. 10 Finally, in the systolic BP non-dippers classification (SND), subjects with a night time fall only in systolic BP of less than 10% were defined as non-dippers (n ¼ 145), whereas the remaining subjects were classified as dippers (n ¼ 124).
11
Laboratory determinations. Venous blood sampling was performed between 0800 and 0900 hours having fasted and abstained from smoking, alcohol and caffeinated beverages in the last 12 h for the estimation of routine metabolic profile and hs-CRP concentrations. Levels of hs-CRP were assessed using validated high-sensitivity assay (Dade Behring CardioPhase hsCRP Assay, Marburg, Germany) with intra-assay and inter-assay coefficient of variation of 3.4 and 2.1% respectively, and a minimal detectable concentration of 0.175 mg l À1 .
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Echocardiography. All participants underwent echocardiographic examination by an experienced senior echocardiographer who was unaware of the subjects' BP and clinical data, using a General Electric Medical System Vivid 3 PRO ultrasound imager equipped with a 2.5-5 MHz transducer, 13 The left ventricular mass was computed by the formula introduced by Deveraux and co-workers 13 and was indexed by the body surface area to provide the left ventricular mass index. The relative wall thickness was calculated as the sum of the thickness of the interventricular septum and the posterior wall of the left ventricle divided by the left ventricular end-diastolic diameter.
Statistical analysis SPSS statistical package, release 12.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. All continuous variables with normal distributions are presented as means and standard deviations. The categorical variables are described with absolute and relative (percentages) frequencies. Because of the skewed distribution, hs-CRP values were presented as median plus range and were logarithmically (log 10 ) transformed prior to statistical testing. By applying the Kolmogorov Smirnov test, it was shown that the log hs-CRP values had normal distribution. Differences between groups were determined with the Student's independent samples t-test or the w 2 test, where appropriate. The relationships between clinical and laboratory parameters were investigated using Pearson correlation coefficient. Multiple linear regression analysis was conducted to explore the relationship between hs-CRP and various clinical, demographic and laboratory determinants. Analysis of covariance was performed to detect significant differences after adjustment for covariates. Statistical significance was assumed at a level of Po0.05.
Results
The three classifications of dippers/non-dippers according to the three diverse definitions are presented in Table 1 .
Regarding their clinical characteristics and irrespective of the definition used, non-dippers were older in the TND, TD-TND and SND classification (by 3.6, 5.1 and 3.5 years respectively, Po0.0001 for all cases). No difference was observed between dippers and non-dippers with regard to body mass index (BMI), waist-to-hip ratio, sex, smoking and known duration of hypertension in all classifications (P ¼ NS) (Table 2) .
Likewise, there was no difference in office systolic/diastolic BP and pulse pressure (PP) in the TD-TND and SND classification, whereas the nondippers of the TND classification had higher office systolic BP and office PP (by 4 mm Hg for both, Po0.05 for both) ( Table 2) . Non-dippers in comparison with dippers did not differ regarding to 24 h systolic/diastolic BP except to the SND classification in which non-dippers exhibited higher 24 h Table 3) .
The echocardiographic measurements along with the lipidemic and glycaemic profile of non-dippers and dippers of all three classifications are presented in Table 4 .
With regard to the inflammatory markers, nondippers had higher log hs-CRP values in the TND, TD-TND and SND stratifications (by 0.11 mg l À1 , P ¼ 0.02; 0.13 mg l À1 , P ¼ 0.03 and 0.14 mg l À1 , P ¼ 0.02, respectively) ( Figure 1 and Table 4 ). By analysis of covariance, it was revealed that after adjusting for age, BMI and 24 h PP, the difference in log hs-CRP remained significant in all used definitions of dippers/non-dippers.
In the entire study population, log hs-CRP was positively correlated with BMI (r ¼ (Figure 2, bottom) .
Moreover, 24 h PP was positively correlated with age (r ¼ 0.24, Po0.0005) and waist-to-hip ratio (r ¼ 0.13, P ¼ 0.02) and negatively related with nocturnal systolic BP fall (r ¼ À0.12, P ¼ 0.04) and high-density lipoproteins (r ¼ À0.13, P ¼ 0.03).
By multiple regression analysis it was identified that BMI, 24 h PP, nocturnal systolic BP fall and triglyceride levels were independent predictors of log hs-CRP whereas age, male sex, waist-to-hip ratio, high-density lipoprotein cholesterol and 24 h systolic BP were discarded from the regression model (Table 5) .
Discussion
The main finding of our study is that hypertensive subjects with a blunted nocturnal BP fall are characterized by a pronounced subclinical inflammatory response as reflected by increased hs-CRP levels, irrespective of the used dipping/non-dipping definition. Furthermore, systolic nocturnal BP fall along with ambulatory pulsatile load constituted independent predictors of hs-CRP in this setting.
The lack of standardized definitions of dipping versus non-dipping in the literature is a source of discordant findings and compromises the possibility of comparisons and extraction of conclusions.
Under this perspective and considering the absence of congruent findings in the literature, confusion exists regarding whether non-dippers are subjected to a higher total haemodynamic load or not, with projections to inflammatory activation. Disparate definitions of night and day intervals in the ambulatory BP monitoring and matching of Abbreviations: b.p.m., beats per minute; DBP, diastolic blood pressure; HR, heart rate; NS, not significant; PP, pulse pressure; SBP, systolic blood pressure.
Data are expressed as means±s.d.
Inflammation and non-dipping status
C Tsioufis et al dippers and non-dippers only for the daytime BP are some of the sources of controversy with regard to the 24 h BP load. In the former, wide fixed clock-time intervals may overestimate the sleeping BP whereas in the latter, the inadvertent selection of nondippers of higher total 24 h haemodynamic load Figure 1 Levels of hs-CRP in true dippers (top), true dippers-true non-dippers (middle) and systolic blood pressure non-dippers definitions (bottom). hs-CRP, high-sensitivity C-reactive protein.
Non-Dippers
Inflammation and non-dipping status C Tsioufis et al occurs. However, a higher BP load is attributed to non-dippers in various reports. 14, 15 In addition, although vascular inflammation seems to have a role in the pathophysiology of hypertension, little evidence exists about the association of inflammation with the disturbed circadian BP rhythm. Scarce data involving relatively small statistical samples and using diverse classification criteria report no significant differences between dippers, non-dippers and extreme dippers in CRP 16 and between dippers and non-dippers in interleukin-6. 17 The present study is the first to assess the relation of inflammatory activation with circadian BP variation using three established different classifications for a more integrated approach to dipping status. With the exception of non-dippers of the SND definition who exhibited higher 24 h systolic BP, dippers and non-dippers of the other two definitions did not differ with regard to their 24 h systolic/diastolic BP and therefore in total haemodynamic load. This finding punctuates the significance of the dipping definition in the 24 h BP load determination. The common denominator between the two groups in all three definitions was the increased ambulatory PP in non-dippers.
The novel finding in our study is the relationship between nocturnal BP fall and low-grade inflammation, considering that nocturnal systolic BP fall along with ambulatory PP, BMI and triglyceride levels were the major determinants of hs-CRP in multiple regression analysis. Pulse pressure has been previously associated with subclinical inflammation and plausible mechanisms underlying this association involve the generation of reactive oxygen species, induction of adhesion molecule expression and the promotion of monocyte adhesion. 18, 19 In the same lines in our study, ambulatory PP exhibited a strong relationship with hs-CRP levels and was correlated with nocturnal systolic BP fall suggesting a complex pathophysiological pathway involving increased PP, subclinical inflammation and disturbed circadian BP rhythm. In accordance with the above, the non-dipping-associated cardiovascular risk 8, 15, 16, 20 can be linked to inflammation and increased PP. Moreover, one emerging notion is that sympathetic overdrive, a cornerstone characteristic of the non-dipper hypertensive, may be the underpinning of the above interactions. 21 The questions of the necessity to evaluate night BP by Ambulatory Blood Pressure Monitoring (ABPM) in all hypertensive subjects and to convert the pattern of circadian BP variation into a dipping one are still unresolved issues that require further investigation. As the strict control of hypertension could possibly result in the prevention or the reversion of its inflammatory component, another point to be addressed would be the necessity of initiation of therapies like aspirin, statins, renninangiotensin-aldosterone system inhibitors and novel b-blocking compounds with a potential effect in the reduction of the markers of inflammation and the associated cardiovascular risk.
Limitations
The cross-sectional nature of our study limits the ability to infer any temporal and causal relationship Nocturnal systolic blood pressure fall 0.00 10.00 20.00 30.00 40.00 Figure 2 Correlation of log hs-CRP with ambulatory systolic blood pressure (top), ambulatory pulse pressure (middle) and nocturnal systolic blood pressure fall (bottom). hs-CRP, highsensitivity C-reactive protein.
of inflammation with non-dipping status. Moreover, the only once performed measurement of the inflammatory markers and the unclassified percentage of patients in the TD-TND group constitute additional limitations, as well as the inclusion of a small fraction of subjects (5.9%, n ¼ 16) with isolated office hypertension. However, the relation of the pattern of BP variation with inflammation was observed regardless of the dipping definition and the twice-performed ABPM strengthen our results. Non-dippers compared to dipper hypertensive exhibit higher hs-CRP levels irrespective of the used definition. Furthermore, ambulatory PP and systolic BP fall are interrelated and participate in the inflammatory process that accompanies nondipping status. What is known about the topic K Non-dipper hypertensives may have increased incidence of target organ damage and a more unfavourable outcome as compared with dipper hypertensive subjects. K Inflammation seems to contribute in the progression of cardiovascular disease in hypertensive subjects, expressed at least by the development of subclinical target organ damage. K The lack of standardized definitions of dipping versus nondipping in the literature is a source of discordant findings regarding the inflammatory activation and the haemodynamic load imposed to non-dippers.
What this study adds K The non-dipping pattern of essential hypertension when compared to the dipping one is associated with an exaggerated inflammatory response reflected by increased levels of hs-CRP. K This association is present irrespective of the used definition for the dipping status and after adjustment for the differences in 24 h pulse pressure.
Abbreviation: hs-CRP, high-sensitivity C-reactive protein.
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